THE expression " surgical shock " is applied in this paper to a condition caused by a stimulation of sensory nerves. It is not intended to indicate so much an association with surgery, as that there is an absence of hTmorrhage, crushing of tissue, septic infection and other complications which are apt to accompany accidental injuries. A study of shock during a surgical operation has the furtheradvantage that the changes develop so slowly that they can be analysed, whereas if an uncomplicated stimulation of sensory nerves arises from an accident, the symptoms often progress with such extreme rapidity that their sequence cannot be traced. There is, of course, no reasonable doubt that the conditions are essentially the same whether they arise gradually or immediately.
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When I first had the opportunity of studying the surgery of the abdomen, frequent tappings of ovarian cysts and consequent peritoneal adhesions often necessitated prolonged operative treatment. Irritating lotions were freely used and a chilling carbolic spray played upon the abdomen throughout the operation. Symptoms of shock were then common. This condition in a wellmarked form is comparatively seldom seen, as a result of modern surgery. The changes may, however, still be detected. They want more looking for, but a constant watching of the peripheral pulse will show them from time to time. They should be looked for before serious trouble develops. If the pulse at the wrist is examined because danger arises, the opportunity for studying the vascular changes in their beginnings has generally passed away.
When a state of sbock occurs, the pulse may be quick and feeble from the first, in which case an important change cannot be detected. But in a considerable proportion of operations, chiefly in those performed upon patients with a strong heart muscle, the pulse at first does not hasten, and sometimes it becomes larger and more tense at the wrist. Later the radial pulse, still sometimes remaining slow, gradually diminishes in size and in the force of its beats, until it may cease to be felt. A complete absence of palpable impulse in the radial artery and a slow heart action are occasionally found together. In these circ-amstances the carotid arteries pulsate with great force, whilst the heart sounds are loud and distinct, and indicate clearly that the heart muscle is acting with vigour. The evidence of a gradual contraction of the arteries in spite of a powerful heart action is thus clear. In the following stage of the development of shock there is a progressive quickening of the heart's pace, during which the radial pulse, if not already gone, ceases to be felt. The carotid pulse also becomes smaller and weaker, and the blood-pressure obviously falls everywhere. Exposed tissues are now blanched, an incision does not bleed, and eventually the whole vascular system becomes as depleted of blood as in a case of severe hemorrhage, even when the operation has been performed with little loss of blood. In my earlier work I often saw anaemia so extreme that after closure of the abdomen it was difficult to be sure that a ligature had not slipped, and that a free heemorrhage into the peritoneal cavity was not taking place. As the changes develop the temperature falls gradually until, in the rectum, it is too low to be registered by any ordinary clinical thermometer.' Perspiration becames profuse in proportion to the smallness and quickness of the pulse.
A condition not now often obvious was formerly of serious clinical importance. The removal of the patient from the operating table to her bed frequently aggravated the symptoms and threatened death from heart failure. Recovery of consciousness and a return of the pulse to the wrist, with a slowing of -the heart's action, were frequently delayed for hours, and during that time the circulation was a cause of much anxiety.
These troubles almost completely ceased after a change of treatment. It was formerly customary to starve patients as much as possible after abdominal operations, both solid and liquid nourishment being withheld, under the belief that by reducing the activity of intestinal peristalsis a development of peritonitis was made less likely. Now liquids are given by the mouth as soon as the patient can swallow, or by rectal, subcutaneous or intravenous inje4tion on the operating table, if that is considered necessary. By these change`s the dangers of shock were at once enormously reduced and curtailed, proving to demonstration that a loss of fluid from the body is one of the most important conditions of that state.
It is known that irritation of sensory nerves causes contraction of the arterioles, followed by a rise of blood-pressure in the large arteries, and the evidence above recorded indicates that if the injuries to nerves are sufficiently prolonged, or often repeated, the whole vascular system, beginning with the arterioles, becomes tensely contracted. As a coinsequence the blood-pressure in the large arteries rises at first. Fluid then. escapes freely from the vessels, and from the body in the form of perspiration. This causes a fall of bloodpressure throughout the vascular system in proportion to the escape of fluid. The fall of blood-pressure is exactly comparable to the loss of pressure-raising power when a leakage occurs in any piece of machinery which depends upon hydraulic force for its movements. For example, when an operating table is raisable by a hydraulic pump, the foot lever sometimes offers little resistance to pressure and the table cannot be moved because the oil leaks.
The significance of the escape of fluid is occasionally emphasized during an operation if a sudden loss of blood is accidentally permitted when a state of advanced and still developing shock exists. The effect in aggravating symptoms of shock is out of all proportion to the amount of blood lost.
Hw,morrhage during an advanced stage of surgical shock, by allowing a rapid removal of fluid, permits a more speedy contraction of the peripheral vessels. The rapid accelerating effect on the symrptoms shows that the loss of fluid, when there is no haemorrhage, is resisted and delayed by an opposition to its escape through the walls of the vascular system. That such a resistance exists is indicated also by the concentration of the blood which is characteristic, and which shows that the fluid parts of the blood escape more readily than the red cells. This concentration was noted by Sherrington and Copeman' in 1893, and it has recently been shown that the red blood cells may be relatively increased to a degree which indicates a loss of 40 per cent. of the blood volume.2 In a case of severe, uncomplicated hmemorrhage an opposite change in the density of the blood takes place. The pressure in the tissues is relatively higher because of the escape of blood, and fluid passes rapidly into the vessels from the tissues. The blood therefore becomes diluted. Although i Tourn. Physiol., 1893, xiv, p. 52. in shock the changes are primarily due to active contraction of the vessels and in haemorrhage to a passive contraction as fluid escapes, the end results are the same. In both, the blood-pressure becomes very low, because of the diminished quantity of fluid in the vascular system. In both coma and death are produced by a shutting off of the blood supply to the tissues and brain as the vessels contract. In haemorrhage blood-pressure falls from the first, and an active vascular contraction hastens the loss of fluid. In shock the vascular contraction first raises blood-pressure in the large arteries, but in the later stages it hastens the loss of fluid and shuts off what remains from the tissues.
The clinical importance of making a distinction between the two, for example, in a case of possible unseen haemorrhage, is of course very great.
Professor Leonard Hill1 has urged, with convincing arguments, that filtration from pressure does not take place in the living body and that movements of fluids outside the vessels, or from the vessels into the tissues, depend upon vital forces in the body cells. That there is no filtration in living tissues comparable to that which takes place through dead membranes is certain and the evidence that excretory cells are active agents is complete. But they are under nerve-control and as a rule abundant material is supplied by the vessels when secretion is active. Moreover, when much fluid is swallowed much is got rid of by the kidneys or by the skin, and when it is desired to increase the secretion of urine an abundance of bland fluid is administered, in addition to the use of other therapeutic measures. In the state of shock slowly induced in human beings a transference of fluids out of the vessels is preceded by an increase of pressure upon the blood by the vessel walls, and in a case of heemorrhage the transfer of fluid into the vessels is preceded by a reduction of resistance within the vessels. In these two instances the fluids of the body certainly pass from place to place so as to rectify the temporary relative disturbance of pressure which occurs. No doubt a nervous centre controls the body cells and compels them to facilitate the necessary changes, any increased imbibition of fluids which takes place being reflexly induced as part of the mechanism provided for the maintenance of a normal balance of pressure and of chemical constitution within the tissues. That fluid must pass out of the vessels when they contract is a mechanical necessity and that it must be received by the lymphatics or by the body cells is also necessary.
The importance of this becomes obvious when certain septic and toxic cases are considered, in which, although the need for a secretion of sweat is urgent, yet this cannot be brought about by any means. I hope to discuss this condition elsewhere and will only point out now that the patient who will not sweat has generally a hot and dry and oftcn a red skin and is not in a state of surgical shock. When a healthy man is suddenly thrown into a condition of profound shock by a severe injury the changes above described take place almost instantaneously; an, enormous arnount of fluid is quickly lost and the dazed or unconscious mental condition, the extreme muscular collapse and the tendency to failure of respiration which constitute part of the symptoms are attributable to the shutting off of the blood-supply from the tissues generally, and finally from the brain. The tissues are starved, exactly as they are starved by an uncomplicated slow haemorrhage. If this condition continues death must follow.
A development of surgical shock may be arrested at any stage by a cessation of its cause, and, if this occurs in time, all the symptoms pass off, evidences of a relaxation of the vessels being often easily detected by a careful examination of the vascular changes.
In his latest book dealing with the nature of shock, George WV. Running through the whole of Crile's writings there is the idea that in connexion with shock a low blood-pressure indicates a depressor action or a relaxation of some part of the vascular system and that a very low bloodpressure is a proof that there is a complete breakdown or exhaustion of the vasomotor nervous mechanism. This makes his argument extraordinarily difficult to follow and altogether unconvincing, whilst his conclusion seems quite unproved to those who recognize that leakage of fluid from any piece of mechanism, actuated by hydraulic force, necessarily takes away much and perhaps all of its pressure-raising power.
Moreover, there is direct evidence regarding the state of the vessels. Crile himself says the arteries are " quite empty " 3 in the state of shock, and if so they must be contracted.
Definite experimental evidence that the vessels are contracted was put forward in 1909 by Dr. M. G. Seelig and Professor E. P. Lyon, of St. Louis, Mo., U.S.A. Crile refers' to their records in his latest work, but he does not state, and he makes no attempt to refute, their contentions.
In .1907 Professor Porter recorded an "investigation into the effect of uniform stimulations of the depressor, brachial and sciatic nerves at various levels of blood-pressure from the normal down to about 9 mm." 1 of mercury. He showed that "the absolute change in blood-pressure upon stimulating these afferent nerves remains almost unchanged until the blood-pressure has fallen to about one-third its usual height," 2 and that "the reflex fails only when the blood-pressure sinks to a level at which anemia of the vasomotor centres is certain. Indeed, all we know regarding these and similar cells strengthens the belief that their endurance under stimulation is very great. On the other hand, they are extraordinarily sensitive to changes in the blood supply." It was added that "the data presented are wholly opposed to the hypothesis that would explain surgical shock by the exhaustion of the vasomotor centres."
Porter showed that the percentile rise of pressure (the percentage of rise with reference to the existing pressure) was greater as the blood-pressure fell. Crile's comment is that-" Applying Porter's percentile interpretation to the effect of adrenaline, the percentile rise would be over 300 per cent., that is, according to Porter's reasoning, the vascular state is three times better than norm-al, but nevertheless the dog is dying.
The error in Porter's reasoning may be mnade more clear by a homely illustration. If a goad be applied to a fresh horse, the resulting increase in speed mllay be stated as a percentile increase. When the horse is in extreme fatigue and an equal goad is applied, the percentile increase will probably be the same, but lnevertheless the horse is exhausted."' This looks like a reductio ad absutrdum, but Porter gives definite evidence that the vasomotor mechanism responds to stimulation when shock is fully developed, and Crile exclaims that " the dog is dying." This is not a contradiction of Porter's contention. Crile's illustration confuses the issue by failing to differentiate between the dog and its vasomotor system. His hypothetical horse, which beoomes exhausted, represents the dog. His hypothetical horse, which responds to the goad when exhausted, represents also the vasomotor system of the dog. To deduce from the state of the one that the other must be in the same condition is not a sound argument, and to represent the dog and its vasomotor mechanism, the whole and a part, by the same horse mak6s any conclusion of doubtful value. The suggestion that "the vascular state is three times better than normal" in the condition described by Porter is as unwarranted as would be an assertion that a horse behaves better in proportion to the speed with which he bolts.
Further support for the view that the vasomotor mechanism maintains its activity is found in the reports of the Special Investigation Committee on Shock and Allied Conditions. That Committee concluded that "the vasomotor centre should be regarded as an agent whose functions are extremely stable and whose capabilities for continued services are its most outstanding feature." 5 So far as I know, Crile has not in any of his writings discussed the effect of a loss of fluid from the vascular system as the state of shock develops. In man a large loss of fluid by sweating takes place. In the dog bhere is no corresponding loss from the ski'n, but the pallor of the tissues, the low blood-pressure following a rise, and the concentration of the blood are 1 Amer. Journ. Physiol., 1907, xx, p. 399. demonstrable. The mouth and lungs are the natural channels for a loss of fluid and heat in the dog. When that animal has taken hard exercise he lies down with his tongue out, panting rapidly, fluid dripping from his *mouth, and his breath is saturated with moisture. Probably in the dog there is in the state of shock a free loss of fluid as saliva and in the expired air, but no such excess is recorded, although in the few experiments I have seen on this animal it appeared to me that there was always a free flow of saliva. Shock is not easily induced in a dog and heroic measures have to be taken. Crushing and burning the feet and removal of as much as three-fourths of the integument of the body, followed by sponging the raw surfaces, are mentioned by Crile, who from time to time also helped the process by a letting of blood.'
A loss of fluid is essential unless shock in man is entirely different from shock in dogs. It is obvious that the great loss of fluid from the vessels known to occur in the state of shock may explain the fall of the blood-pressure in shock as in hmmorrhage, but this doe3 not seem to have been considered. By this omission it seems to me that Crile has overlooked the true explanation of the nature.of shock.
Crile has published a series of photographs, a really beautiful demonstration that certain brain, liver, and adrenal cells undergo degeneration in a great many conditions of exhaustion, but exhaustion of the vasomotor system is inextricably mixed up with exhaustion of the body itself. Crile says, " our premises in studying fatigue, shock, and exhaustion, are identical. These states have interchangeable values." 2 In describing the condition of the cells, Crile records his observations on cases of hLemorrhage next to those arising from trauma, and surely haemorrhage must act by starving the tissues, and cannot be a cause of over-stimulation and exhaustion of the nerve centres. The evidence is strong that these changes are in all cases due to starvation, sometimes because of exhaustion of the body, sometimes from hemorrhage and in surgical shock from a cutting off of the blood-supply by an excessive contraction of the whole vasomotor system, associated with much loss of fluid. In a paper published in this month's issue of the Proceedinqs of our Society, Mott and Uno3 state that the brain in fatal cases of shock shows conditions similar to those observed by Mott after ligature of all four vessels to the brain. This corroborates the view that death by shock occurs from arrest of bloodsupply to the brain.
If the view advocated in these pages is correct then recovery from shock must depend upon a relaxation of the blood-vessels when the causes of shock cease. Clinically, after the most severe operations are finished, if the patient is aliv.e, in a case of uncomplicated surgical shock, the chances that recovery will take place are very strong. When the causes of undue vascular contraction cease the tendency to a return to the normal calibre is insistent.
Nevertheless, attempts to force recovery, whilst the stimulus to vascular contraction is active and increasing, are of little if any use. Concerning injection of saline fluids into a vein Crile wrote that this always caused a rise in the blood-pressure of an animal in shock. "In the cases of deepest shock the rise in the blood-pressure was not sustained beyond a certain time, even during the infusion.... Blood-counts and hmemoglobin estimations showed that the blood was not much diluted by the saline. The solution escaped from the vessels at a rate fairly proportional to the rate of infusion, mainly through the channels of normal absorption of water. The fluid accumulated in the walls and the lumen of the stomach, the intestines, and the abdominal cavity, in the respiratory tract, the thoracic cavity and the subcutaneous tissue.
" When the infusion approximately equalled 300 c.c. per kilo, the amount of fluid accumnulated in the splanchnic area caused embarrassment, even failure, of respiration, by mechanically fixing the diaphragm and the movable ribs."
The Special Committee on Surgical Shock devoted much attention to the treatment of -" secondary shock" and of hwemorrhage during the war, by injection of various fluids into the veins, and declared that " the results were less favourable in proportion as the shock factor predominated over that of haemorrhage." 1 Here, again, there is evidence that when the causes of shock are active an injection of fluid cannot force recovery. In cases of hiemorrhage a replacement of suitable blood is immediately effective, and as the vessels relax, when causes of shock cease to act, fluids are readily taken into the body however and whenever they are offered. The difficulty in introducing fluid when the causes of shock are active, and the avidity with which it is received as recovery takes place, are easily understood if the vessels contract as shock develops and relax as it passes toff. These conditions cannot be so readily explained if the vessels relax during shock and therefore contract during recovery.
Attempts to raise blood-pressure, when shock is well developed, by administering vasoconstrictors is, according to the explanation advanced, worse than useless.
Not vasoconstrictors but vasodilators are indicated. Eugene Boise2 has long advocated the intravenous injection of a preparation of Veratrurn viride to release a cardiac spasm, and according to this view the time-honoured resort to brandy as a vasodilator after an accident is justified. But these measures are chiefly required to start vasodilatation when it is doubtful whether recovery will take place. When dilatation begins it will continue if other conditions are favourable and if fluid is supplied as the vessels dilate. Conservation of heat and restoration of heat lost are powerful agents in promoting recovery. Any fluid given in any way should therefore be warm.
In the treatment of surgical shock, then, the important needs are to arrest further causes of shock, including pain, to keep the respiration going, to supply fluids as they can be absorbed and to restore heat to the body. No operation that can be delayed should be undertaken when the state of shock is acute and severe.
The foregoing pages have been devoted to a consideration of the effects of an uncomplicated stimulation of sensory nerves. It seems to me of supreme importance for the understanding of many surgical developments that shock thus induced should be clearly differentiated from similar conditions which, however exactly they may simulate shock, are produced in other ways. A reaction to injury constitutes the condition to which the word " shock " was first applied, and in my opinion much confusion would have been avoided if the word had been preserved with only one medical meaning. I wish, therefore, to insist upon the view that a condition of shock, brought about by an uncomplicated stimulation of sensory nerves does occur. This seems to be proved by the excellent work of G. W. Crile on the prevention of shock. By blocking, that is, antesthetizing, nervous tracts, the passage of stimulations through them can be arrested and a development of the condition of shock can be absolutely prevented. When a patient is under efficient spinal anesthesia, it is impossible to induce shock by an operation causing stimulation of nerves communicating with the brain through the anesthetized part of the cord. Symptoms of htemorrhage may arise during such an operation and simulate those of shock, but there can be no true primary shock as long as the spinal antesthesia is effective.
Therefore, whatever the correct interpretation of the changes following stimulation of sensory nerves may be, it is certain that a state of shock with the fall of blood-pressure above described may be induced by a sufficient stimulation of these nerves.
The Special Investigation Committee on Surgical Shock, appointed in 1917 by the Medical Research Committee, drew " a distinction, afterwards generally recognized, between 'primary shock,' a condition appearing rapidly after injury and resembling a prolonged and severe fainting, and 'secondary shock,' a more slowly ingravescent condition seen in the cases as received at the clearing stations. . . . The special problem before the Committee was to investigate the nature of the 'secondary wound shock,' "1 and they described this as largely a toxiemia, associated with a relaxation of the capillaries throughout the body. But whether the vascular changes characteristic of shock when brought abort apart from an injury should still be described as shock, and whether there is a form of shock-like condition characterized by a dilatation of the capillaries, are questions which, as this paper is already so long, must be discussed on some other occasion.
DISCUSSION.
Dr. LAPTHORN SMITH said that all the cases which had been described as those of shock were not really cases of shock at all. Most of them were cases of primary or secondary heemorrhage. The real cases of shock due to reflex action through the nervous system did occur at one time quite frequently when the intestines were taken outside of the abdominal cavity and handled and chilled a great deal. He had always taught is students that it was unlucky even to see the intestines, much less to handle themi-. Since the adoption of the Trendelenburg position and the preparation of the bowels by gentle laxatives the ellpty bowels fell away out of sight as soon as the air entered the peritoneal cavity, and if a flat pad were placed over the omentum most operations in the abdominal cavity could be done without even seeing the bowels. Among the other causes of so-called shock in the order of their frequency were:
(1) Prolonged an&esthesia, especially with chlorofornm; (2) cooling of the body by the air or wet towels, miieant to be warml ; (3) excessive purgation before the operation especially with sulphate of magnesia; (4) great loss of water from-l the blood froni perspirationi. During his first five years' operating he had sometimes seen a case of shock but hardly ever since. The reason, be thought, was that tumours were now removed while slmialler; arteries were tied before they were cut, so that there was much less primary and secondary hemorrhage; there was less exposure and handling of the intestines; ether had takenthe place of chloroform with lost operators and the preliminary hypodermlic of mllorphine had lessened the quantity of antesthetic required. He would suggest giving the patient as much liquids as possible the day before operation so that she would begin with good blood-pressure in the coronary arteries; and the taking of the blood-pressure every quarter hour during the operation so that the operator wrould know exactly the condition of the patient. Also the giving of normal saline enema for the duration of operation to imake up for the loss by hemorrhage and sweating. Also that the patient be kept warmi artificially by large flat pans full of hot water under her and covered with blanket; and the elevation of the foot of the bed on returning to the ward. When he had had to deal with a very large ovarian cyst, say 30 to 40 lb., he had generally relmloved the bulk of fluid contents two days before so as not to reduce the intra-abdominal support too suddenly at the time of operation. One might thus avoid the so-called hae-morrhage into the large veins which, although the blood would be recovered later, might, for the time being, have the same effect as if it were lost. If all these things were done he thought that shock after abdolmlinal operations at least would be a thing of the past.
Mr. GORDON LUKER said how difficult it was in some cases to decide whether a patient was suffering from surgical shock only, or froml surgical shock and hemorrhage. He had seen several cases recently in obstetrics and gynwcology in which the patient had suffered fronli profound shock for a -very long time-in one case thirty hours-and yet not maore than a pint of blood had been lost. His opinion was that some pregnant women stood a smiall loss of blood very badly. It was very difficult to decide in such cases whether to treat the patient for shock, avoiding any examination, manipulation or anesthetic; or whether to treat her as if she were suffering from hwmorrhage; as, for instance, by giving gum or saline solution intravenously, or by performing bloodtransfusion, to be followed by any necessary examination or exploration. In some cases too long a delay mlight result in the death of the patient. He would be very glad of any information on this point.
Professor HENRY BRIGGS (President) said that the Section highly appreciated the continued researches of Mr. Malcolm on surgical shock; and he hoped that Mr. Malcolm would carry out the special research he had outlined as to the escape of body-fluids.
Mr. MALCOLM (in reply) said he agreed that anaesthetics might produce symptoms indistinguishable fromn those of stimlulation of sensory nerves, probably by poisoning. Renmoval of very large tumours did not cause shock, and symptomiis from this could only be due to sudden removal of support of the vessels which he did not regard as a cause of shock. If the colntention was right that contraction of the arteries was the cause of symptolmis, this could hardly be also a preventiv-e of mischief. Leonard Hill and J. McQueen said there was a critical level of blood-pressure.1 They supported Mr. Malcolm Donaldson's contention that "attempt at cornpensation is made by increased vasoconstriction and while, by this means, succour is brought by increased pressure in the coronary arteries to the heart-muscle and to the brain, the capillary field in the body generally, outside these areas, falls from its already low level of a few millimetres of blood-pressure still lower. Vasoconstriction is no cure for an arterial blood-pressure below the critical level." His (Mr. Malcolm's) contention was that if vasoconstrictioi m-iade blood-pressure fall below the critical level it mliust also make it fall to the critical level. At one tilmle he had recommiiended almlyl nitrite on theoretical grounds but had not had good opportunities of trying it. Adrenalin had been largely used. On theoretical grounds he objected to it, but he never saw definite evidence that it did good or harm. The only way to distinguish between shock and bleeding if there was no history, was by finding concentrated blood indicating shock, or diluted blood indicating haemorrhage. Each case illust be judged by this and on its imerits. The question of symlptom-as of poisoning Imlust also frequently arise. As to where the blood went out, when the arterioles contracted, they did not, of course, colmlpletely close but pressure rose in the large arteries. After a time, by vagus action, this pressure w-as passed back to the large veins and from them back to the small veins and capillaries, where the blood escaped. The capillaries, practically everywhere and especially in numerous lylmiphatic and other glands, were in close contact with the lyimphatics. The lymphatic systemii seeimled to act as a reservoir for fluid to be taken from, or returned to, according to the size of the vascular system, which varied with miiany conditions, and particularly with exercise. Leonard Hill had said that a man " may lose 7 lb. of water by sweating during hard exercise in hot weather." This was equivalent to half the blood in a man weighing 13 st. Sweating m--ight be as profuse and mllore rapid froni shock than frolm exercise. The double evidence of the concentration of the blood and the loss of fluid by sweating was proof that muclh fluid left the vessels and the body.
